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(54) DISK ARRAY CONTROLLER AND DISK ARRAY DEVICE 



(57) A disk array controller or a disk array system 
includes a disk array control unit having an MPU 8 and 
a user data transfer control unit having host interfaces 3 
and 4 with a host computer 1 7, a memory 5 for tempo- 
rarily storing data, a redundant data generator 7 for gen- 
erating redundant data, multi-channel disk device 
interfaces 16a~16e and 12a~12e and a data transfer 
control circuit (DMAC) 6 for controlling the data transfer 
between the host interface, the memory, the redundant 
data generator and the disk device interface. Internal 
buses are of at least three-bus structure including a 
control bus (for MPU) 1 5, a host data bus 1 3 and a drive 
data bus 14. 
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Descripti n 
TECHNICAL FIELD 

The present invention relates to disk array system 
and disk array controller having an architecture such as 
RAIDS. 

BACKGROUND ART 

In a prior art disk array controller architecture, one 
internal bus is used or two buses, that is, a control bus 
by a built-in MPU and a user data transfer bus between 
a host interface and a disk device interface are used. 

Further, as disclosed in JP-A-6-1 80623. a dedi- 
cated circuit such as a FIFO (First-in First-out) for speed 
control is needed between the host interlace and the 
disk device. 

In the prior art, when the host interface and the disk 
device interface is of SCSI type, transfer rate and bus 
width of the internal bus of the disk array controller are 
limited by a SCSI control LSI used therein. 

On the other hand, in order to increase the transfer 
rate and the bus width of the internal bus of the disk 
array controller independently from the SCSI controller 
LSI for increasing the speed of the disk array system, a 
dedicated circuit such as a FIFO is needed between the 
SCSI interface and the internal bus, and in a disk array 
controller having a plurality of channels of host interface 
and disk device interface, this is a factor of high cost of 
the disk array controller and the disk array system. 

DISCLOSURE OF INVENTION 

It is an object of the present invention to provide 
disk array controller and disk array system which solve 
the above problems and increases the data transfer rate 
with a low cost. 

It is another object of the present invention to pro- 
vide a disk array controller and disk array system which 
reduce a traffic to a memory (disk cache) to improve an 
effective transfer rate. 

It is other object of the present invention to provide 
disk array controller and disk array system which allow 
the data scattering/gathering and the parity data gener- 
ation. 

In order to achieve the above objects, the present 
invention provides a disk array controller or a disk array 
system which is controller characterized by the provi- 
sion of a disk array control unit having one or more 
MPUs; and the provision of a user data transfer unit 
having a host interface with a host computer, a memory 
(disk cache) for temporarily storing data, redundant 
data generation means (REDUNDANT DATA GENERA- 
TOR) for generating redundant data, a multi-channel 
disk device interface and data transfer control means 
having one or more chann Is for controlling the data 
transfer between the host interface, the memory, the 
redundant data generation means and the disk device 



interface; and that a control bus (MPU bus) for control- 
ling the disk device interface, the redundant data gener- 
ation means and the data transfer control means of the 
user data transfer control unit by the disk array control 
unit, a host data bus for conducting the data transfer 
between the host interface and the memory by the data 
transfer control means in the user data transfer control 
unit and a drive data bus for conducting the data trans- 
fer between the disk device interface and the memory 
by the data transfer control means in the user data 
transfer control unit are provided. 

The present invention is further characterized by 
that, in the disk array controller or the disk array system, 
the host interface and the disk device interface com- 
prise SCSI (Small Computer System Interface) inter- 
faces such as SCSI-2. 

The present invention is further characterized by 
that in the disk array controller or the disk array system, 
the data transfer control means allows the designation 
of a plurality of data transfer paths between areas of the 
memory and the disk device interface. 

The present invention is further characterized by 
that in the disk array controller or the disk array system, 
the data transfer means comprises a plurality of 
counters for designating addresses of the memory and 
a plurality of registers for designating channels of the 
disk device interface corresponding to the respective 
counters. 

The present invention is further characterized by 
that, in the disk array controller or the disk array system, 
the data transfer means transfers data between the 
areas of the memory and the redundant data generation 
means by using a plurality of transfer paths. 

The present invention is further characterized by 
that, in the disk array controller or the disk array system, 
that the data transfer control means comprises a DMAC 
(Direct Memory Access Controller, a portion of a small 
computer which controls, in place of a CPU or an I/O 
processor, the data transfer between memoryomem- 
ory or between memory**l/0. It generates a source 
address and a destination address necessary for the 
data transfer and drives a read cycle of the source and 
a write cycle of the destination). 

The present invention is further characterized by 
that, in the disk array controller or the disk array system, 
the data transfer control means comprises a plurality of 
counters for designating addresses of the memory and 
a plurality of registers for designating channels of the 
disk device interface corresponding to the counters to 
allow the designation of a plurality of data transfer paths 
between the areas of the memory and the disk device 
interface and the input of the data of the corresponding 
data transfer paths to the redundant data generation 
means. 

The present invention is further characterized by 
that, in the disk array controller or the disk array system, 
the disk device interface is provided with drive interface 
controller one for each channel. 

The present invention is further provides a disk 
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array controller or a disk array system characterized by 
the provision of a disk array control unit having one or 
more MPUs; and the provision of a user data transfer 
unit having a host interface with a host computer, a 
memory for temporarily storing data, redundant data 
generation means for generating redundant data, a 
multi-channel disk device interface and data transfer 
control means having one or more channels for control- 
ling the data transfer between the host interface, the 
memory, the redundant data generation means and the 
disk device interface; and that a control bus for control- 
ling the multi-channel disk device interface, the redun- 
dant data generation means and the data transfer 
control means of the user data transfer control unit by 
the disk array control unit, a host data bus for conduct- 
ing the data transfer between the host interface and the 
memory by the data transfer control means in the user 
data transfer control unit and a drive data bus for con- 
ducting the data transfer between the disk device inter- 
face and the memory by the data transfer control means 
in the user data transfer control unit are provided, and 
the redundant data generation means is directly cou- 
pled to the data transfer control means and arranged 
between the memory and the drive data bus to reduce 
the traffic to the memory during the generation of the 
redundant data. 

The present invention further provides a disk array 
controller or a disk array system characterized by the 
provision of a disk array control unit having one or more 
MPUs; and the provision of a user data transfer unit 
having a host interface with a host computer, a memory 
for temporarily storing data, redundant data generator 
for generating redundant data, a multi-channel disk 
device interface and data transfer control unit having 
one or more channels for controlling the data transfer 
between the host interface, the memory, the redundant 
data generator and the disk device interface; and that a 
control bus for controlling the disk device interface, the 
redundant data generator and the data transfer control 
unit of the user data transfer control unit by the disk 
array control unit a host data bus for conducting the 
data transfer between the host interface and the mem- 
ory by the data transfer control unit in the user data 
transfer control unit and a drive data bus for conducting 
the data transfer between the disk device interface and 
the memory by the data transfer control means in the 
user data transfer control unit are provided, and the data 
transfer control unit allows the designation of a plurality 
of data transfer paths between the areas of the memory 
and the disk device interface and the input of the data of 
the corresponding data transfer paths to the redundant 
data generator. 

The present invention further provides a disk array 
controller or a disk array system characterized by the 
provision of a disk array control unit having one or more 
MPUs; and the provision of a user data transfer unit 
having a host interface with a host computer, a memory 
for temporarily storing data, redundant data generator 
for generating redundant data, a multi-channel disk 



device interface and data transfer control unit having 
one or more channels for controlling the data transfer 
between the host interface, the memory, the redundant 
data generator and the. disk device interface; and that a 
control bus for controlling the disk device interface, the 
redundant data generator and the data transfer control 
unit of the user data transfer control unit by the disk 
array control unit, a host data bus for conducting the 
data transfer between the host interface and the mem- 
ory by the data transfer control means in the user data 
transfer control unit and a drive data bus for conducting 
the data transfer between the disk device interface and 
the memory by the data transfer control unit in the user 
data transfer control unit are provided, and redundant 
data for the user data is generated in the redundant 
data generator and transferred to the disk device inter- 
face. 

Namely, the present invention relates to a disk array 
controller characterized by the provision of a user data 
transfer control unit comprising a single or multi-channel 
host interface, a disk cache, a single or multi-channel 
DMAC, a redundant data generator and a multi-channel 
disk device interface and a disk array control unit having 
one or more MPUs. It further comprises a control bus 
(MPU bus) by the MPU, a host data bus for conducting 
the data transfer between the host interface and the disk 
cache and a drive data bus for conducting the data 
1 transfer between the disk device interface and the disk 
cache. 

With this arrangement, in the disk array controller, 
even if inexpensive SCSI interface is used for the host 
interface and the disk device interface, the usage factor 
of the internal bus is reduced by the arrangement of the 
control bus (MPU bus), the host data bus and the drive 
data bus and the transfer rate of the internal bus is 
improved so that a disk array system which is inexpen- 
sive and has a higher data transfer rate is attained. 

Further, in the above arrangement, the data scatter- 
ing/gathering is attained by the transfer using a plurality 
of paths between areas on the disk cache and the disk 
device interface. 

By the above arrangement, the generation of 
redundant data (the generation of parity data) is 
attained by using the data stored in the disk cache by 
the transfer using the plurality of paths between the 
areas on the disk cache and the parity generator. The 
redundant data generator (parity data generator) is 
directly coupled to the data transfer control means 
(DMAC) and allows the input of the data on the corre- 
sponding data transfer paths to the parity generator 
between the areas on the disk cache and the disk 
device interface, and transfers the data on the disk 
cache to both the disk device interface and the parity 
generator to allow the direct transfer of the generated 
redundant data (parity data) to the disk device without 
transferring it to the disk cache. Thus, the traffic to the 
disk cache during the generation of the redundant data 
(the generation of the parity data) is significantly 
reduced and an effective transfer rate in the disk array 
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system for a write command to a large capacity and 
continuous areas is improved. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows a configuration of one embodiment of 
a disk array system having a host computer in 
accordance with the present invention, 
Fig. 2 shows a performance of a disk device used in 
the disk array system of the present invention, 
Fig. 3 illustrates the use of a DMAC of the present 
invention in the data transfer between a disk cache 
and a disk device, 

Fig. 4 illustrates the use of the DMAC of the present 
invention in the data transfer between the disk 
cache, a parity generator and the disk cache, 
Fig. 5 illustrates the use of the DMAC of the present 
invention in the transfer between the disk cache 
and the disk device and in the abreast transfer 
between the disk cache, the parity generator and 
the disk cache. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to Figs. 1-5, an embodiment of the 
present invention is explained specifically. Fig. 1 shows 
a configuration of a system comprising a host computer 
17 and a disk array system 18 in accordance with one 
embodiment of the present invention. The host compu- 
ter 17 and the disk array system 18 are connected 
through a host interface 3. The host interface 3 is of one 
channel and SCSI-2 having a two-byte width and a max- 
imum transfer rate of 20 MB/s. The host interface 3 may 
be of multi-channel. The host computer 17 accesses the 
disk array system 18 in accordance with the SCSI 
(Small Computer System Interface, a kind of small com- 
puter peripheral device interface, standardized by ANSI) 
protocol through the host interface 3. 

The disk array system 18 comprises an array con- 
troller 1 and a plurality of disk devices 2. The disk array 
device 18 adopts an architecture such as RAID5 and a 
RAIDS redundancy is one parity disk for four data disks, 
and five disk devices are a unit for forming a column of 
the RAIDS. The disk array controller 1 has a five-chan- 
nel drive interface 16 and connects a plurality of disk 
devices 2. The drive interface 16 is of SCSI-2 having 
one-byte bus width and a maximum transfer rate of 10 
MB/s. 

Fig. 2 shows a performance of the disk device 2 
used in the disk array system 18. Namely, a spindle 
rotation speed in the disk device is 5400 rpm, a means 
seek time is 9 ms, a sustain data transfer rate is 7.2 
MB/s and a SCSI data transfer rate is 10 MB/s. 

A configuration of the disk array controller 1 is now 
explained. The array controller 1 comprises a disk array 
controller having an MPU 8, an MPU controller 9, a 
ROM 9 and a working RAM 1 1 . a user data transfer con- 
trol unit having a host interface controller 4, a disk cache 
5 formed by a DRAM for temporarily storing data at a 



high speed, a DMAC (Direct Memory Access Controller, 
a porion of a small computer which controls, in place of 
a CPU and an I/O processor, the data transfer between 
memory <^memory or between memory I/O. It gener- 
5 ates a source address and a destination address neces- 
sary for the data transfer and drives a read cycle of the 
source and a write cycle of the destination) 6 and a par- 
ity generator (redundant data generator) 7 and drive 
interface controllers 12a~12e provided one for each of 
w the five channels of drive interfaces, and three buses 
including a host data bus 13, a drive data bus 14 and an 
MPU bus 15. The MPU 8 writes and reads for the work- 
ing RAM 1 1 in accordance with a program stored in the 
ROM 10 to control the DMAC 6, the parity generator 7 
is and the drive interface controllers 12a~12e of the user 
data control unit through the MPU bus 15. The DMAC 6 
controls the user data transfer over the host data bus 13 
and the drive data bus 14 and conducts the data scat- 
tering/gathering which is inherent to the RAIDS. The 
20 parity generator 7 generates parity data which is the 
redundant data to the user data and conducts the 
regeneration of the user data when one of the disk 
devices 2 failures. The parity generator 7 is directly cou- 
pled to the DMAC 6 and is located between the disk 
25 cache 5 and the drive data bus 1 4. 

The host data bus 13 is a user data transfer bus 
between the host interface controller 4 and the disk 
cache 5. The drive data bus 14 is a user data transfer 
bus between the disk cache 5 and the drive interface 
30 controllers 12a~12e. The MPU bus 15 is a control bus 
for controlling the DMAC 6, the parity generator 7 and 
the drive interface controller 12a~12e of the user data 
control unit 

By arranging the three buses 13, 14 and 15, the 
host interface controller 4 and the drive interface con- 
troller 12 may employ the SCSI control LSI which is 
inexpensive and has a maximum transfer rate of 20 
MB/s. Namely, by arranging the three buses 13, 14 and 
15, the data transfer between the host 17 and the disk 
cache 5 and the data transfer between the disk cache 5 
and the disk devices 2a~2e can be concurrently con- 
ducted without-requiring a dedicated circuit such as 
FIFO (First-in First-out) other than the SCSI control LSI 
between the host interface 3 and the host data bus 13 
and between the drive interface 16 and the drive data 
bus 14. Since the maximum transfer rate of the SCSI-2 
having the two-byte bus width in the host interface 3 
which in the interface with the host 17 or the user is 20 
MB/s as defined by the standard, the transfer rates of 
the host data bus 13 and the drive data bus 14 are 20 
MB/s, respectively, and the data transfer rate of the disk 
cache 5 is 40 MB/s because the transfer between the 
host 17 and the disk cache 5 and the transfer between 
the disk cache 5 and the disk devices 2a~2e are con- 
currently conducted, and the data transfer may be suffi- 
ciently conducted. 

The DMAC 6 has three channels, channel 1 , chan- 
nel b and channel c so that the abreast transfer using 
the three channels may be attained. Namely, the chan- 
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net a is used for the transfer between the disk cache 5 
and the disk devices 2a~2e, th transfer between disk 
cache 5-parity generator 7-disk cache 5 and the transfer 
between disk cache 5-parity generator 7-disk devices 
2a-2e. The channel b and the channel c are used 
exclusively used for the data transfer between the disk 
cache 5 and the disk devices 2a~2e and between the 
host 17 and the disk cache 5. 

The function of the channel a in the DMAC 6 and 
the data transfer by the channel a in the DMAC 6 are 
now explained. In the DMAC 6, five cache address 
counters 201 for the channel a. five port designation 
registers 202 corresponding to the five cache address 
counters 201 and five abreast transfer designation reg- 
isters 205 corresponding to the cache address counters 

201 are provided. The cache address counter 201 is a 
counter for designating an address of an area 203 on 
the disk cache 5. The port designation register 202 is a 
register for designating a channel of the drive interfaces 
16a~16e corresponding to the cache address counters 

202 or the parity generator 7. By the cache address 
counters 201 and the corresponding port designation 
registers 202, the five-channel path 204 may be desig- 
nated between the disk cache 5 and the drive interfaces 
16a-16e or between the disk cache 5 and the parity 
generator 7. The channel a in the DMAC 6 has a func- 
tion to sequentially transfer data of predetermined unit 
of a plurality of designated transfer paths 204 in a time- 
division fashion. The abreast designation register 205 is 
a register for designating the abreast transfer of the data 
of the corresponding paths 204 to the parity generator 
7. The channel a in the DMAC 6 has a function, in addi- 
tion to the transfer function by the plurality of paths 204, 
to conduct the abreast transfer of the data of the plural- 
ity of paths 204 to the parity generator 7. 

Fig. 3 illustrates the use of the channel a in the 
DMAC 6 in the data transfer between the disk cache 5 
and the disk devices 2a~2e. 

Fig. 4 illustrates the use of the channel a in the 
DMAC 6 in the data transfer between disk cache 5-par- 
ity generator 7-disk cache 5. 

Fig. 5 illustrates the use of the channel a in the 
DMAC 6 in the abreast transfer between disk cache 5- 
parfty generator 7-disk device 2e. 

As shown in Fig. 3. the MPU 8 designates the 
addresses of the areas 203a~203e of the disk cache 5 
to the cache address registers 201a~201e in the chan- 
nel a of the DMAC 6 through the MPU bus 15 and des- 
ignates the channels of the drive interfaces 16a~16e to 
the port designation registers 202a~202e correspond- 
ing to the cache address registers 201a~201e so that it 
may designate five paths between the areas 
203a~203e on the disk cache 5 and the drive interfaces 
16a~16e. The disk device 2 for the data transfer is 
preselected by issuing a SCSI command and the paths 
of the drive interfaces 1 6a-16e-cfisk devices 2a~2e are 
present one for each channel of the drive interfaces 
16a~16e. 

Accordingly, when the transfer function by the plu- 



rality of paths 204a~204e of the channel a is used in the 
DMAC 6, the user data stored in the disk cache 5 from 
the host through the host data bus 13 may be divided 
into predetermined sizes called stripe sizes and scatter- 

5 transferred to a plurality of disk devices 2a~2e. Even 
when the user data is stored in a plurality of discontinu- 
ous areas on the disk cache 5, the data in any five areas 
203 on the disk cache 5 may be scatter-transferred to 
different disk devices 2a~2e. 

w By changing the data transfer direction from the 
disk device 2 to the host 1 7. the data from the plurality 
of disk devices 2a-2e may be gather-transferred to con- 
tinuous areas on the disk cache 5 by the transfer func- 
tion by the plurality of paths. 

is Further, as shown in Fig. 4, by designating the par- 
ity generator 7 to the port designation registers 
202a~202d and designating a plurality of paths 204a- 
204d between the plurality of areas 203a~203d and the 
parity generator 7 in the channel a of the DMAC 6, the 

20 parity data generation in the parity generator 7 by using 
the user data in the plurality of areas 203a~203d on the 
disk cache 5 by the transfer function based on the plu- 
rality of designated paths 204a~204d, and the transfer 
of the generated parity data to the area 203e of the disk 

25 cache 5 through the port designation register 202e and 
the cache address register 201 e are attained. 

Further, as shown in Fig. 5, the channel a in the 
DMAC 6 has a function, in addition to the data transfer 
by the plurality of paths 204a~204d, to abreast-input the 

30 transfer data of the paths 204a~204d to the parity gen- 
erator 7 by the abreast transfer designation registers 
205a~205d corresponding to the paths 204a~204d. 
Further, by using the remaining path 204e of the five 
channels, the output of the parity generator 7 may be 

35 stored in the disk device 2e through the cache address 
register 20 1e, the port designation register 202 e and 
the abreast transfer designation register 205e so that 
the data transfer between the disk cache 5 and the disk 
devices 2a~2d and the abreast data transfer between 

40 disk cache 5-parity generator 7-disk device 2e in the 
channel a of the DMAC 6 are attained. 

In the disk array system 18, the channel a and the 
channel b in the DMAC 6 are used for a read command 
for large capacity and continuous areas from the host 

45 17 to concurrently conduct the data transfer between 
the disk devices 2a~2e and the disk cache 5 and the 
data transfer between the host 1 7 and the disk cache 5. 
For the data transfer between the disk devices 2a~2e 
and the disk cache 5, the transfer function by the plural- 

50 ity of paths 204a~204e of the channel a in the DMAC 6 
is used to gather-transfer the data form the plurality of 
disk devices 2a~2e to the continuous areas on the disk 
cache 5. 

In the disk array system 1 8, for a write command for 
55 large capacity and continuous areas from the host 17, 
the channel a and the channel b in the DMAC 6 are 
used to concurrently conduct the data transfer between 
the disk cache 5 and the disk devices 2a~2e and the 
data transfer between the host 1 7 and the disk cache 5. 
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For the data transfer between the disk cache 5 and the 
disk devices 2a~2d, the data transfer function by the 
plurality of paths 204a~204d of the channel a in the 
DM AC 6 and the function to abreast-input the transfer 
data on the paths 204a~204d to the parity generator 7 
are used to concurrently transfer the data of the disk 
cache 5 to the plurality of disk devices 2a~2d and the 
parity generator 7 and transfer the parity data generated 
by the parity generator 7 to the cache address register 
201 e, the port designation register 202e and the 
abreast transfer designation register 205e. not through 
the disk cache 5 but directly through the path 204e. 

In the present embodiment, the disk array controller 
comprises a single processor and the host interface 
controller 4 and the drive interface controller 12 employ 
commercially available SCSI control LSI which is inex- 
pensive and has a maximum transfer rate of 20 MB/s 
and no dedicated circuit such as FIFO other than the 
SCSI control LSI is present between the host interface 3 
and the host data bus 13 and between the drive inter- 
face 16 and the drive data bus 14 so that the cost of the 
disk array controller is reduced by a factor of five com- 
pared to a disk array controller comprising a multi-proc- 
essor (eight MPUs) and the MPU bus 15 and two 
internal buses 13 and 14 as the user data transfer 
buses, and the cost of the disk array system 18 can be 
reduced. 

In the disk array system 18, the parity data gener- 
ated by the parity generator is directly transferred to the 
disk device so that the effective transfer rate of the write 
command for the large capacity and continuous areas 
from the host 17 can be improved by approximately 
40% compared to a system which temporarily store the 
parity in the disk cache 5. 

Further, since the SCSI-2 which will extend as a 
standard interface is used as the drive interface 16, a 
high performance disk array system may be constructed 
by the connection with a future high performance disk 
device. 

In accordance with the present invention, the user 
data control unit and the disk array controller are pro- 
vided and at least three buses, the control bus (MPU 
bus), the host data bus and the drive data bus are 
arranged. Thus, the use of the inexpensive interface 
controller LSI as the host interface controller and the 
drive interface controller is allowed and the cost of the 
disk array controller as well as the disk array system can 
be significantly reduced. 

Further, in accordance with the present invention, 
the transfer rate of the internal bus of the disk array con- 
troller is not the performance neck of the disk array sys- 
tem and the transfer rate of the internal bus can be 
increased and the bus width can be reduced. 

Further, in accordance with the present invention, 
the traffic of the disk cache during the parity generation 
is reduced in the disk array controller and the effective 
transfer rate of the disk array system for the write com- 
mand for the large capacity and continuous areas from 
the user can be increased. 



Claims 

1 . A disk array controller characterized by: 

5 the provision of a disk array control unit having 

one or more MPUs; and 
the provision of a user data transfer unit having 
a host interface with a host computer, a mem- 
ory for temporarily storing data, redundant data 
w generation means for generating redundant 

data, a multi-channel disk device interface and 
data transfer control means having one or more 
channels for controlling the data transfer 
between said host interface, said memory, said 
is redundant data generation means and said 

disk device interface; and 
that a control bus for controlling said disk 
device interface, said redundant data genera- 
tion means and said data transfer control 
20 means of said user data transfer control unit by 

said disk array control unit, a host data bus for 
conducting the data transfer between said host 
interface and said memory by said data trans- 
fer control means in said user data transfer 
25 control unit and a drive data bus for conducting 

the data transfer between said disk device 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided. 

30 

2. A disk array controller according to Claim 1 charac- 
terized by that said host interface comprises a SCSI 
interface. 

35 3. A disk array controller according to Claim 1 charac- 
terized by that said disk device interface comprises 
a SCSI interface. 

4. A disk array controller according to Claim 1 charac- 
40 terized by that said data transfer control means 
allows the designation of a plurality of data transfer 
paths between areas of said memory and said disk 
device interface. 

45 5. A disk array controller according to Claim 1 charac- 
terized by that said data transfer means comprises 
a plurality of counters for designating addresses of 
said memory and a plurality of registers for desig- 
nating channels of said disk device interface corre- 
so sponding to the respective counters. 

6. A disk array controller according to Claim 1 charac- 
terized by that data is transferred between the 
areas of said memory and said redundant data 

55 generation means by using a plurality of transfer 
paths. 

7. A disk array controller according to Claim 1 charac- 
terized by that said data transfer control means 
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comprises a DM AC. 

8. A disk array controller according to Claim 1 charac- 
terized by that said data transfer control means 
comprises a plurality of counters for designating s 
addresses of said memory and a plurality of regis- 
ters for designating channels of said disk device 
interface corresponding to said counters to allow 
the designation of a plurality of data transfer paths 
between the areas of said memory and said disk w 
device interlace and the input of the data of the cor- 
responding data transfer paths to said redundant 
data generation means. 

9. A disk array controller according to Claim 1 charac- is 
terized by that said disk device interface is provided 
with drive interface controller one for each channel. 

10. A disk array controller characterized by: 

20 

the provision of a disk array control unit having 
one or more MPUs; and 
the provision of a user data transfer unit having 
a host interface with a host computer, a mem- 
ory for temporarily storing data, redundant data 25 
generation means for generating redundant 
data, a mufti-channel disk device interface and 
data transfer control means having one or more 
channels for controlling the data transfer 
between said host interface, said memory, said 30 
redundant data generation means and said 
disk device interface; and 
that a control bus for controlling said multi- 
channel disk device interface, said redundant 
data generation means and said data transfer 35 
control means of said user data transfer control 
unit by said disk array control unit, a host data 
bus for conducting the data transfer between 
said host interface and said memory by said 
data transfer control means in said user data 40 
transfer control unit and a drive data bus for 
conducting the data transfer between said disk _ 
device interface and said memory by said data 
transfer control means in said user data trans- 
fer control unit are provided, and said redun- 45 
dant data generation means is directly coupled 
to said data transfer control means and 
arranged between said memory and said drive 
data bus to reduce the traffic to said memory 
during the generation of the redundant data. so 

11 . A disk array controller characterized by: 

the provision of a disk array control unit having 
one or more MPUs; and ss 
the provision of a user data transfer unit having 
a host interface with a host computer, a mem- 
ory for temporarily storing data, redundant data 
generation means for generating redundant 



data, a multi-channel disk device interface and 
data transfer control means having one or more 
channels for controlling the data transfer 
between said host interface, said memory, said 
redundant data generation means and said 
disk device interface; and 
that a control bus for controlling said disk 
device interface, said redundant data genera- 
tion means and said data transfer control 
means of said user data transfer control unit by 
said disk array control unit, a host data bus for 
conducting the data transfer between said host 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit and a drive data bus for conducting 
the data transfer between said disk device 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided, and said data transfer 
control means allows the designation of a plu- 
rality of data transfer paths between the areas 
of said memory and said disk device interface 
and the input of the data of the corresponding 
data transfer paths to said redundant data gen- 
eration means. 

1 2. A disk array controller characterized by: 

the provision of a disk array control unit having 
one or more MPUs; and 
the provision of a user data transfer unit having 
a host interface with a host computer, a mem- 
ory for temporarily storing data, redundant data 
generation means for generating redundant 
data, a multi-channel disk device interface and 
data transfer control means having one or more 
channels for controlling the data transfer 
between said host interface, said memory, said 
redundant data generation means and said 
disk device interface; and 
that a control bus for controlling said disk 
device interface, said redundant data genera- 
tion means and said data transfer control 
means of said user data transfer control unit by 
said disk array control unit, a host data bus for 
conducting the data transfer between said host 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit and a drive data bus for conducting 
the data transfer between said disk device 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided, and redundant data 
for the user data is generated in said redundant 
data generation means and transferred to said 
disk device interface. 

1 3. A disk array system characterized by: 
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a disk array controller comprising a disk array 
control unit having one or more MPUs and a 
user data transfer unit having a host interface 
with a host computer, a memory for temporarily 
storing data, redundant data generation means 5 
for generating redundant data, a multi-channel 
disk device interface and data transfer control 
means having one or more channels for con- 
trolling the data transfer between said host 
interface, said memory, said redundant data 10 
generation means and said disk device inter- 
face, wherein a control bus for controlling said 
disk device interface, said redundant data gen- 
eration means and said data transfer control 
means of said user data transfer control unit by 75 
said disk array control unit, a host data bus for 
conducting the data transfer between said host 
interface and sard memory by said data trans- 
fer control means in said user data transfer 
control unit and a drive data bus for conducting 20 
the data transfer between said disk device 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided; and 
a plurality of disk devices connected to said 25 
disk device interface of said disk array control- 
ler. 

14. A disk array system characterized by: 

30 

a disk array controller comprising a disk array 
control unit having one or more MPUs and a 
user data transfer unit having a host interface 
with a host computer, a memory for temporarily 
storing data, redundant data generation means 35 
for generating redundant data, a multi-channel 
disk device interface and data transfer control 
means having one or more channels for con- 
trolling the data transfer between said host 
interface, said memory, said redundant data 40 
generation means and said disk device inter- 
face, wherein a control bus for controlling said 
multi-channel disk device interface, said redun- 
dant data generation means and said data 
transfer control means of said user data trans- 45 
fer control unit by said disk array control unit, a 
host data bus for conducting the data transfer 
between said host interface and said memory 
by said data transfer control means in said user 
data transfer control unit and a drive data bus so 
for conducting the data transfer between said 
disk device interface and said memory by said 
data transfer control means in said user data 
transfer control unit are provided, and said 
redundant data generation means is directly ss 
coupled to said data transfer control means 
and arranged between said memory and said 
drive data bus to reduce the traffic to said 
memory during the generation of the redundant 



data; and 

a plurality of disk devices connected to said 
disk device interface of said disk array control- 
ler. 

15. A disk array system characterized by: 

a disk array controller comprising a disk array 
control unit having one or more MPUs and a 
user data transfer unit having a host interface 
with a host computer, a memory for temporarily 
storing data, redundant data generation means 
for generating redundant data, a multi-channel 
disk device interface and data transfer control 
means having one or more channels for con- 
trolling the data transfer between said host 
interface, said memory, said redundant data 
generation means and said disk device inter- 
face, wherein a control bus for controlling said 
disk device interface, said redundant data gen- 
eration means and said data transfer control 
means of said user data transfer control unit by 
said disk array control unit, a host data bus for 
conducting the data transfer between said host 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit and a drive data bus for conducting 
the data transfer between said disk device 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided, and said data transfer 
control means allows the designation of a plu- 
rality of data transfer paths between the areas 
of said memory and said disk device interface 
and the input of the data of the corresponding 
data transfer paths to said redundant data gen- 
eration means; and 

a plurality of disk devices connected to said 
disk device interface of said disk array control- 
ler. 

16. A disk array system characterized by: 

a disk array controller comprising a disk array 
control unit having one or more MPUs and a 
user data transfer unit having a host interface 
with a host computer, a memory for temporarily 
storing data, redundant data generation means 
for generating redundant data, a multi-channel 
disk device interface and data transfer control 
means having one or more channels for con- 
trolling the data transfer between said host 
interface, said memory, said redundant data 
generation means and said disk device inter- 
face, wherein a control bus for controlling said 
disk device interface, said redundant data gen- 
eration means and said data transfer control 
means of said user data transfer control unit by 
said disk array control unit, a host data bus for 
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conducting the data transfer between said host 
interlace and said memory by said data trans- 
fer control means in said user data transfer 
control unit and a drive data bus for conducting 
the data transfer between said disk device 5 
interface and said memory by said data trans- 
fer control means in said user data transfer 
control unit are provided, and redundant data 
for the user data is generated in said redundant 
data generation means and transferred to said w 
disk device interface; and 
a plurality of disk devices connected to said 
disk device interface of said disk array control- 
ler. 

15 

17. A disk array system according to Claim 13, 14, 15 
or 16 characterized by that said data transfer con- 
trol means in said disk array controller comprises a 
DMAC. 

20 

18. A disk array system according to Claim 13, 14, 15 
or 16 characterized by that said host interface com- 
prises a SCSI interface. 
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FIG. 4 
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FIG. 5 
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